The objective of the research is to study the role of polymorphic gene variants of Tumor Necrosis Factor-α (TNFA), Bcl-2-associated X protein (BAX), p53 Binding Protein (MDM2), vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) in the development of chronic lymphocytic leukemia (CLL). Methods: The comparative analysis of allele and genotype frequency distribution in CLL patients (N=133) and healthy individuals (N=196) from Bashkortostan Republic has been carried out. Results: Analysis of distribution of genotype and allele frequencies of the genes under study has shown that patients with CLL were likely to demonstrate an increased frequency of GG-genotype and G-allele of polymorphic locus-308G>A of TNFA gene, GG-genotype and G-allele of the polymorphic locus-248G>A of BAX gene, G-allele of the polymorphic locus 309T> G of MDM2 gene and allele C of polymorphic locus 773C>T of bFGF gene.
Introduction
Chronic lymphocytic leukemia (CLL) is an oncological disease of the lymphatic tissue which is characterized by accumulation of tumor cells in the peripheral blood, bone marrow and lymph nodes. CLL has a B-cell origin and is the most common type of all leukemias in adults [1] .
Characteristic clinical symptoms of CLL include anemia, thrombocytopenia, enlargement of lymph nodes and hepatosplenomegaly. It has been established that at the time of diagnosis such symptoms appear to be absent in approximately 40% of patients. In most cases CLL is diagnosed in the later stages after the development of complications. Thus, the important task of oncohematology is to determine the prognostic criteria and to assess the risk for the development of the disease at the earliest stages possible [1, 2] .
Like any other oncological process, CLL is most commonly caused by the disorder of apoptosis (tumor necrosis factor-α (TNFα), main p53 protein regulator (MDM2), proapoptotic protein BAX) and by interferences with cell proliferation control (vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF)). Mechanisms of apoptosis involve cytokines and tumor necrosis factor-α in particular (TNFα; OMIM 191160). The effect of TNFα on tumor cells can be contributed to the disruption of mitochondrial function because its contact with specific receptors stimulates the development of oxidative stress, causes damage to cell membranes and DNA and finally induces their death. Gene TNFα, which encodes the corresponding cytokine, is located on the short arm of the 6 th chromosome at locus 6p21.1-6p21.3 [3] .
Protein p53 is a transcription factor which regulates cell cycle and suppresses malignant transformation of cells (p53, OMIM 191170). Under normal conditions, p53 protein and the main regulator of the p53 tumor suppressor (MDM2) (OMIM 164785) are equally expressed. N-terminal domain of MDM2 protein binds to the N-terminal trans-activation domain of p53 protein, which results in the reduced activity of the latter. It has been shown that overexpression of MDM2 protein is an important factor in the progression of tumors [4] . MDM2 gene is localized on the long arm of the 12 th chromosome at locus 12q14.3-12q15 [5] .
Proteins of BC1-2 family, which perform their specific functions at the level of mitochondria, also play an important role in regulation of apoptotic processes. Members of this large family include proteins that prevent apoptosis and regulate proapoptotic proteins. BAX production is encoded by the gene Bcl-2 -associated X protein (BAX, OMIM 600040). Its structure contains a region, which can bind to p53 protein and cause, therefore, the activation of the gene. The BAX gene encodes a proapoptotic protein, which promotes the release of cytochrome C from mitochondria. In combination with cytosolic protein APAF1 cytochrome C participates in the activation of caspase 9, which triggers the apoptotic cascade. Consequently, reduced expression of BAX gene may impair the apoptotic processes and lead to tumor development. BAX gene in humans is located on the long arm of the 19 th chromosome at locus 19q13.3-q13.4 [6] . 773C>T bFGF gene 5'-CAGGATTTGTGTGCTGTGG-3'
BsuRI [10] CLL is also characterized by the impairment of hematopoietic processes which are regulated by a number of factors. The most important among them are vascular endothelial growth factor VEGF (OMIM 192240) and basic fibroblast growth factor bFGF (OMIM 134920). VEGF is a glycosylated mitogenic protein, which has a specific influence on endothelial cells and can cause various effects, including stimulation of angiogenesis, promotion of endothelial cell growth and proliferation, inhibition of their apoptosis [7] . In addition, VEGF regulates the processes of hematopoiesis, controlling the survival of hematopoietic stem cells. Various defects related to the suppression of VEGF function, lead to a decreased resistance of hematopoietic cells and the impairment of the process of colony formation. VEGF gene is located on the short arm of the 6 th chromosome at locus 6p12.
BFGF is a protein of a broad spectrum of action, characterized by mitogenic, angiogenic and neurotrophic effect. It stimulates the proliferation of endothelial cells by activating Raf-1 serine/threonine-protein kinase and mediates the processes of formation of endothelial cells into capillary-like structures. BFGF protein is responsible for the rapid increase of proportion of blast cells (hemangioblasts), which are common precursors of hematopoietic and endothelial cells. BFGF gene is located on the short arm of the 4 th chromosome (4q25-q27).
The purpose of this study was to make a comparative analysis of polymorphic loci of TNFA gene (-308G>A), BAX gene (-248G>A), MDM2 gene (309T>G), VEGF gene (936C>T) and bFGF gene (773C>T) in patients with CLL and healthy individuals from Bashkortostan Republic. The study also aimed to search for possible associations of polymorphic variants of these genes related to the development of CLL.
Methods
Molecular and genetic analysis of DNA samples was performed in 329 persons, all residents of the Bashkortostan Republic. The group of patients with CLL included 133 patients hospitalized to the hematology unit of the Republican Clinical Hospital of the Ufa city (2008-2010). All patients were selected at random. The average age was 49.6 ± 1.4 and male to female ratio made 75(56.4%) vs. 58 (43.6%) respectively. According to ethnicity the patients with CLL appeared to include 62 Russians (46.6%), 54 Tatars (40.6%) and 17 Bashkirs (12.8%). Clinical examination of the patients was carried out by hospital doctors and combined essential and optional methods of examination.
DNA samples from 196 apparently healthy individuals selected on the basis of age (47.3 ± 1.6), gender (107 men -54.6%, 89 women -45.4%) and ethnicity (97 Russians (49.5%), 79 Tatars (40.3%), 20 Bashkirs (10.2%)) were used as controls.
DNA samples were isolated from lymphocytes of the peripheral venous blood by the method of phenol-chloroform extraction [8] .
The polymorphic loci were studied by the method of polymerase chain reaction (PCR) of DNA synthesis. Genotyping was performed with the use of locus-specific oligonucleotide primers and restriction endonucleases taken from literary sources ( Table 1) .
Mathematical processing of the results was performed on IBM-Pentium IV with the use statistical programs BIOSTAT (Primer of Biostatistics, 4 th edition, SA Glantz, McGraw -Hill), Statistica, Microsoft Excel. χ 2 criterion was calculated with application of Yates correction. Differences between frequencies of the compared genotypes or alleles of the gene under study were considered statistically significant if they were greater than 95% (p<0.05) confidence level. The relative risk of the disease by characteristic sign was calculated as the odds ratio and its confidence interval.
Results
Genotype frequencies of polymorphic loci of TNAα, BAX, MDM2, VEGF and bFGF genes in groups of patients and healthy individuals are shown in Table 2 . In all groups the distribution of genotype frequencies corresponded to the expected assumptions of Hardy -Weinberg equilibrium.
Comparison of the total sample of patients with CLL and control group revealed significant differences in genotype frequencies of polymorphic locus -308G>A of TNFα gene (Table 2 ).
In the group of patients with CLL the GG-genotype was significantly more common than that compared with the control group (82 and 65% respectively, χ 2 = 10.67, p = 0.002). The frequency of G-allele of polymorphic locus-308G>A of TNFα gene in patients with CLL was higher than the corresponding result in the control group (91 and 81% respectively, χ 2 = 10.41, p = 0.002).
The comparative analysis of the frequencies of polymorphic variants of locus-248G> A of BAX gene revealed significant differences in GG-genotype, which accounted for 74.30% in CLL patients and 46,30% in the control group (χ 2 = 16.25, p = 0.001) (see Table 2 ). Analysis of the polymorphic locus 309T>G of MDM2 gene revealed that the frequency of G-allele in patients with CLL was 46% compared to 37% in healthy individuals (χ 2 = 4.14, p = 0.042; OR = 1.47; 95% CI: 1.03-2.11). Comparison of genotype and allele frequencies of polymorphic locus 936 C>T of VEGF gene in patients with CLL and in the control group did not reveal any significant differences.
TT genotype frequency of polymorphic locus 773C>T of bFGF gene was higher in the control group than that in the group of patients (40.65 vs. 56.44%, χ 2 = 4.92; p = 0.027). In contrast, the allele C was more frequent in the group of patients (35.00 vs. 25.25%, χ 2 = 4.48, p = 0.03).
Discussion
The study of mechanisms of tumor formation is a complicated multistep process in which mutations of genes play a significant role. Although a change in a single oncogene can cause a predisposition to cancer, the sequence of mutations of other oncogenes, such as tumor suppressor genes or genes controlling programmed cell death are considered necessary in the process of tumor development. Each of the genes of these three categories fulfills its role in a number of ways. The questions of how they interact in this multistage process of cancer cell development as well as what their role in the normal life processes are have not been fully clarified yet.
Cytokine TNFa plays an important role in protecting the body against tumor development through the induction of apoptosis in transformed cells. According to the literature, a guanine to adenine transition at position -308 of the promoter region of TNFa gene leads to an increased promoter activity and, therefore, to the enhanced gene expression [3] . Accordingly, the presence of GGgenotype can contribute to the reduced activity of this gene and initiate the processes of tumor development, which coincided with the data obtained during the study, particularly in relation to CLL.
MDM2 protein is an oncogenic factor since it directly affects the activation of the main regulator of the p53 tumor suppressor. According to the literature data, the G-allele of the polymorphic locus 309T>G of MDM2 gene is associated with increased expression of this gene. These information has been confirmed by our studies, where the G-allele was associated with an increased risk of CLL (OR = 1.47; 95% CI: 1.03-2.11) [4] .
The process of binding of BCL-2 protein to the BAX gene results in formation of BCL-2-BAX complex and is accompanied by inhibition of apoptosis. It means that the impairment of the expression of this gene may contribute to oncogenic transformation and the development of CLL. As a result of the experiments an association of GG-genotype (OR = 3.35; 95% CI: 1.87-5.97) and G-allele (OR = 3.07; 95% CI: 1.91-4.93) of polymorphic locus -248G>A of BAX gene was found to represent risk for CLL development 6].
We also know that stem cells function in close contact with hematopoietic microenvironment, where spindle-shaped osteoblasts become an important component since they take part in formation of functional niche for quiescent stem cells [9] . Proliferating stem cells are located in the sinuses of the bone marrow and are related to endothelial cells which express different growth factors.endothelial cells. Impaired interaction of stem cells with their microenvironment may lead to pathological changes in proliferation and differentiation of stem cells resulting finally in the development of CLL [10] .
Conclusion
Thus, as a result of the study the following risk markers for CLL have been identified: GG-genotype of the polymorphic locus-308G>A of TNFA gene (OR = 1.74), GG-genotype and G-allele of the polymorphic locus-248G>A of BAX gene (OR = 1.07; OR = 1.80, respectively), G-allele of the polymorphic locus 309T>G of MDM2 gene (OR = 1.07), allele C of the polymorphic locus 773C>T of bFGF gene (OR = 1.57).
